Objective/Background: Little is known about the epidemiology and the management of liver metastases from colorectal cancer at a population level. The aim of this population-based study was to report on the incidence, treatment, and prognosis of synchronous and metachronous liver metastases. Methods: Data were obtained from the population-based cancer registry of Burgundy (France).
R elatively abundant published literature exists concerning the treatment and prognosis of liver metastases from colorectal cancer, but there is little information on their epidemiologic characteristics and on their management at a population level. 1 Epidemiologic data can only be derived from figures relating to the entire population of patients with large bowel cancer within a particular area. Such studies are rare because they require accurate and detailed data collection. In particular, the active participation of the entire medical profession is needed, which is difficult to achieve for cancer registries collecting all cancer sites and covering large populations. This is the reason why data on the management and prognosis of liver metastases have mostly been provided by specialized hospital units and as such cannot be used as reference because of unavoidable selection bias. The aim of this study was to report on the incidence of synchronous and metachronous liver metastases, their management, and their prognosis, using data from a population-based series in France, covering a 25-year period.
MATERIALS AND METHODS

Population
A population-based cancer registry records all digestive tract cancers in 2 administrative areas in Burgundy (France): the Côte-d'Or (507,000 inhabitants according to the 1998 census) and the Saône-et-Loire (543,000 inhabitants). Cancer registration began in the Côte-d'Or area in 1976 and in the Saône-etLoire area in 1982. Information is regularly obtained from pathologists, hospitals (university hospitals including the comprehensive cancer center, general hospitals), private physicians (gastroenterologists, surgeons, oncologists and radiotherapists) and general practitioners, as well as from the National Health Service and monthly review of death certificates. Because of the multiplicity of information sources, it was assumed that nearly all newly diagnosed cancers had been registered. The quality and comprehensiveness of registration are certified every 4 years by an audit of National Institutes of Health and Medical Research (INSERM) and of the National Public Health Institute (InVS).
The data routinely collected are related to the clinical features, diagnostic strategies, treatment, stage at diagnosis, and follow-up of the patients. Data on metachronous hepatic metastasis are not collected routinely. Two special surveys limited to the Côte-d'Or area were conducted. The first one was performed in 1987 and dealt with patients diagnosed between 1976 and 1984 and the second in 2003 with patients diagnosed between 1983 and 2000. Information about liver metastases was obtained from all clinicians (specialists and general practitioners) involved in the management and the follow-up of the patients.
Studied Variables
For all patients, the studied variables included sex, age at diagnosis, date of diagnosis, stage at diagnosis, and treatment. The date of diagnosis of the recurrence, its site (local recurrence, visceral metastases), as well as the treatment was recorded only for Côte-d'Or patients.
Treatment was classified into 3 categories: surgery for cure (macroscopic resection of all malignant tissue and no microscopic evidence of surgical marginal spread), palliative resection (failure to resect all disease), and other treatments. Adjuvant therapy was defined as chemotherapy given to patients resected for cure and palliative chemotherapy was defined as chemotherapy given to patients who did not undergo surgery and/or to patients with residual metastatic disease. Cancer site was classified according to the International Classification of Diseases for Oncology, 3rd revision. 2 Location of the tumor was divided into right colon (cecum, ascending, hepatic flexure, and transverse) and left colon (splenic flexure, descending, sigmoid, rectosigmoid junction, and rectal ampulla). Cancer extension at the time of diagnosis was classified according to the TNM classification. 3 The tumor size and gross features were also obtained from pathology reports.
Statistical Analysis
The population data used to calculate incidence rates for synchronous liver metastasis were based on population estimates by interpolation of the results of the 4 censuses (1975, 1982, 1990, and 1999) , then by extrapolation. Incidence rates were calculated by sex, 5-year age groups, and 5-year periods. Rates were standardized by the direct method using the world standard population.
Crude metachronous liver metastasis rates were calculated using the actuarial method and were expressed with standard errors. The curves were compared using the log-rank test. Patients who died of undercurrent disease were censored at time of death and patients who developed a liver metastasis were censored at time of occurrence. A multivariate analysis was performed using a Cox proportional hazards regression model.
Crude survival for synchronous and metachronous liver metastases were calculated using the actuarial method. Relative survival rates were also calculated, these being defined as the ratio of the observed survival rate to the expected survival rate in a population with similar sex and age distribution derived from local mortality tables.
RESULTS
Incidence of Synchronous Liver Metastasis
Among the 13,463 patients diagnosed with a large bowel cancer over the 1976 to 2000 period, 14.5% had synchronous liver metastases identified during the diagnostic workup or in the course of treatment. Among them, 76.8% were confined to the liver and 23.2% were associated to other visceral metastases. The frequency of synchronous liver metastases was higher in males (15.9%) than in females (12.8%). Crude incidence rates were, respectively, 11.3 and 6.9 per 100,000 and age-standardized incidence rate 7.6 and 3.7 per 100,000. The sex ratio (2.1) was explained both by the higher frequency of liver metastases and the higher incidence of colon cancer in males.
The proportion of patients with synchronous liver metastasis was 19.8% before the age of 55, 16.7% between 55 and 64, 16.0% between 65 and 74, and 11.7% in patients 75 and over (P Ͻ 0.001). This proportion was 14.8% for colon cancers and 13.9% for rectal cancer. It was relatively stable over time: 12.9% for the 1976 to 1985 period, 14.1% for the 1986 to 1995 period, and 17.0% for the 1996 to 2000 period.
Incidence of Metachronous Liver Metastasis
Among the 3655 patients resected for cure between 1976 and 2000 in the Côte-d'Or area (excluding operative death), 467 (12.8%) developed a metachronous liver metastasis during the 5 years following diagnosis. The overall actuarial cumulative rate was 4.3% at 1 year, 12.0% at 3 years, and 16.5% at 5 years. Table 1 shows the 1-, 3-, and 5-year actuarial cumulative rate according to the characteristics of the patient and of the tumor. Cancer site did not significantly influence the metachronous liver metastasis rate. It was lower in females (P ϭ 0.0253), in patients aged 75 and over (P ϭ 0.0281), and decreased over time (P ϭ 0.001). The 5-year cumulative rate was 19.8% over the 1976 to 1980 period and 12.2% over the 1996 to 2000 period (P ϭ 0.001). An increase in the metachronous liver metastasis rate was noted with advancing stage at diagnosis: the 5-year cumula- Ulcero-infiltrating and ulcero-fungating types showed a higher incidence of liver metastasis than fungating lesions. Liver metastases were more frequent in cancers more than 3 cm in diameter than in smaller cancers. The liver metastasis rate was also higher in males than in females.
Factors with an impact on the metachronous liver metastasis risk were analyzed in a multivariate model to obtain a relative risk of liver metastasis adjusted for the other covariables (Table 2 ). There were 3 variables significantly and independently associated with the risk of metachronous liver metastasis. Stage at diagnosis was the strongest prognostic factor. There was a nearly 8-fold increase in the relative risk of liver metastasis for stage III lesions compared with stage I. Sex and gross features remained significant, while tumor size was no longer significant.
Management of Synchronous and Metachronous Liver Metastases
Resection for cure was less often performed in synchronous liver metastases (6.3%) than in metachronous liver metastases (16.9%; P Ͻ 0.001). The increase in the proportion of patients resected for cure over time was also more important for metachronous liver metastases than for synchronous liver metastases (Table 3 ). The proportion of patients treated with adjuvant and palliative chemotherapy also increased significantly, but more rapidly when there was a synchronous liver metastasis than when there was a metachronous liver metastasis. Palliative resection of the primary cancer, without resection of the liver metastases, was performed in 60.7% of the cases. This proportion increased over time from 44.3% (1976 -1980) to 63.7% (1996 -2000) .
A multivariate logistic regression model was then applied to synchronous liver metastases and to metachronous liver metastases to identify factors independently associated to surgery for cure (Table 4) . Sex, age, primary site of the cancer, period of diagnosis, and site of recurrence were introduced into the model. Sex and primary site of the cancer were not associated with resection for cure. Patients under 75 were 2 to 5 times more likely to be resected of their liver metastases than older patients. The presence of another site of recurrence resulted in a notable fall in the likelihood of resection of the liver metastases. The period of diagnosis was also an independent factor associated with the performance of a resection. Table 5 shows the 1-and 5-year relative survival rate of synchronous and metachronous liver metastases for each studied variable. Survival rates decreased dramatically with time. For synchronous liver metastases, the 1-year relative survival rate was 34.8% and the 5-year relative survival rate was 3.3%. The corresponding rates for metachronous liver metastases were 37.6% and 6.1%. Treatment was an important determinant of prognosis. The only significant long-term survival was seen in patients resected for cure. Patients under 75 had a better survival rate than older patients. There was also a trend towards increase in survival over time.
DISCUSSION
This study has the advantage of providing a nonbiased and detailed view of the incidence, the management, and the prognosis of hepatic synchronous and metachronous liver metastases. Our study also suggests several interesting trends in the incidence and in the management of liver metastases.
Very little is known of the incidence of synchronous liver metastasis. The few epidemiologic studies providing data generally deal with the overall metastasis rate. It was reported to be 23% in the high resolution study conducted by EUROCARE in 6 European countries (France, Italy, the Netherlands, Poland, Spain, and the UK) in 1990. 4 It was 19% in a survey conducted in 9 French administrative areas in 1995. 5 Our data suggest that the liver represents 75.7% of all synchronous metastases. So our percentage of liver metastasis is in agreement with overall population-based data in Western Europe. The only similar series has been reported in Australia with a proportion of synchronous liver metastasis of 19.4%. 6 The percentage of liver metastasis was slightly higher in patients under 55. There are several explanations: late stage at diagnosis in the younger age group where large bowel cancer is rare, more precise preoperative workup in the younger patients. It is lower in patients over 74, probably because of less forceful preoperative workup in the older patients. There was little change in the incidence of synchronous liver metastasis. This is disappointing but is probably due to changes in staging related to the improvement in diagnostic procedures. 7 This usually results in an increase in the proportion of tumors discovered with synchronous metastases. They become more easily detected by the systematic use of ultrasonography and the development of CT scanning or MRI. This may explain the apparent stability in the proportion of liver metastasis. This is likely to have occurred In this community-based study, the 5-year cumulative rate of metachronous liver metastasis was 14.5%. This finding is similar or lower to values reported in most hospital studies. 1, 9 To our knowledge, no similar population-based data are available. As expected, stage at diagnosis was the most important determinant of the risk of metachronous liver metastasis. The morphologic appearance was also associated with local recurrence risk after adjusting for other potential prognostic factors. Other authors have already reported that ulcerated tumors are associated with a higher metastatic risk. 10, 11 They may diffuse more rapidly than exophytic tumors. Tumor size was not a significant prognostic factor, according to the multivariate analysis, because it is closely correlated with stage at diagnosis.
The outlook for untreated hepatic metastasis was very poor: less than 30% of the patients were alive after 1 year and less than 5% survived 5 years. The importance of chemotherapy in non resectable liver metastases from colorectal cancer is now established as a palliative treatment even if long-term results remain poor. 12 A substantial increase in the proportion of treated patients occurred over time. However, our data suggest that palliative chemotherapy, whose effectiveness was demonstrated for the first time in 1988, 12 has not reached its full development. Over the 1996 to 2000 period only half of the patients with synchronous liver metastases and 43% of those with metachronous liver metastases have been treated. Our study indicates that there is a delay between the publication of scientific evidence and the complete implementation of effective treatment.
This study confirms that currently, surgical resection for cure is the only possibility to obtain long-term survival. It is generally admitted that 10% to 15% of patients with synchronous colorectal liver metastasis will benefit from hepatic resection. 1 In this population-based study the proportion of resected synchronous liver metastasis was lower and disappointingly did not significantly increase over time. The situation was better for metachronous liver metastases, with one fourth of the cases resected for cure over the past 15-year period. There was a 3-fold increase in the proportion of lesions resected for cure when the first 5-year period was compared with the last 5-year period. However, only a small proportion of these patients will survive for more than 5 years. Reported survival rates in series of over 200 patients are in the range of 30% to 37%. [13] [14] [15] [16] [17] [18] In this nonselected series, the 5-year survival rate is lower, suggesting that prognosis may not be as good as reported in some single-center series. Surgical resection should be discussed within multidisciplinary settings in every case and should be proposed when a complete resection can be achieved. In the future, criteria suggesting a resectability of liver metastasis, like the Fong score, could be helpful. 19 The presence of resectable extrahepatic disease is no longer considered as a contradiction for a liver resection. 20 However, our results indicate that the possibility of resection for cure is much lower in the presence of extrahepatic disease. Not surprisingly, age is another factor influencing the resectability rate. Until recently, the effectiveness of adjuvant chemotherapy could not be demonstrated. However adjuvant chemotherapy is more and more often prescribed, probably due to the influence of borderline results in small series lacking of power. 21 By their frequency and their gravity, synchronous and metachronous liver metastases from colorectal cancer remain a substantial problem. The use of new and more effective systemic chemotherapy regimens, either neoadjuvant or adjuvant, seems to be a promising approach requiring further investigation in randomized studies. Mass screening represents another promising approach to decrease the problem of the incidence of synchronous and metachronous liver metastases. 22 The French health authorities have recently decided to start a pilot program covering one fourth of the population aged 50 to 74 years with biennial fecal occult blood testing.
